are routinely used for determination of Na in whole blood (1, 2), plasma (1, [3] [4] [5] , serum (1, [5] [6] [7] [8] , and diluted urine Because membranes in such systems remain functional even after extended contact (several months) with whole blood and blood serum (13), they do not need special treatment at regular intervals to regenerate the membrane surface (9), e.g., to remove protein depositions. The specific resistance of typical solvent polymeric membranes can be several orders of magnitude lower than for glass electrodes (see reference 14 and Table1).
Here we present a new Na-selective liquid membrane that can be used for direct measurements in blood and urine. An important advantage of this direct potentiometry is that one can determine the physiologically more relevant ionactivities in plasma water (15, 16 
Materials and Methods

Reagents and Samples
The aqueous electrolyte solutions were prepared in water doubly distilled in quartz, and the salts were of the highest purity available. Ligand 1 (N,N'-dibenzyl-N,N'-diphenyl- tigations.Every serum sample was apportioned into two aliquots, each of which was analyzed by both flame photometry and potentiometry.
Minielectrode System
All EMF measurements were performed on cells of the type: Hg, Hg2C12; KC1 (satd.) I 3 moli'L NH4C1 I sample II PVC membrane 0.1 mol/L NaC1; AgCl, Ag. The external reference electrode was a double-junction saturated KCI/calomel electrode, with a ceramic diaphragm (see Figure 1 and reference 27). Because the same cell assembly was used for Ktmeasurements (28), the preferred bridge electrolyte was NH.4Cl instead of KC1 [fora discussion of correctionsof the liquid-junction potential for different equitransferent electrolytes see (29) To reduce cross-contamination of the sample solutions, we injected two columns of air during sample changeover. The EMF readings were taken every 30s for 4.5 mm. The response times (31), however, were considerably shorter (typical response time observed: t < 30 s).
For the urine measurement the evaluation procedure as described for the blood measurements (seeequation 5 below) was unsatisfactory. To obtain the sodium concentrations presented in Figure 2 , we used a more sophisticated procedure, taking account of the different ionic strengths of the calibration solutions and those of the urine samples. The sodium activity, aNa, of the urine was calculated according This iteration loop was continued two or three times until a constant activity coefficient (and, by implication, a constant sodium concentration) was obtained.
Blood-serum measurements.
The procedure for measuring sodium in blood serum was analogous to that for urine. where CNa,f is the sodium concentration,in mmolIL, determined by flame photometry.
(2) Results and Discussion
Novel membranes composed of ligand 1 or 2, bis(1-butylpentyl)adipate as membrane solvent, and poly(vinylchloride) as membrane matrix have been characterized (see Table 1 ). The liquid membrane based on ligand 2, as compared with the corresponding membrane with ligand 1, exhibits an improved NafK selectivity and still shows (3) sufficient Na/Ca2 selectivity. Therefore throughout this paper we present results obtained with membrane electrodes containing ligand 2. Besides the correction for protein and lipid volume, the binding of Na4 to (e.g.) bicarbonate (20, 43) , to proteins (44, 46), to unknown substances (4, 42), water binding (20) , effects at the liquid junction (45, (47) (48) (49) , and calibration and/or evaluation procedure (2, 16,20,45,47,49) have been proposed as further factors to be considered. Calculations using the Debye-Huckel, Henderson, and Nicolsky formalisms and calibration with a 140 mmol/L Na solution make it obvious that, after correction for protein and lipid volume, the negative bias cannot be due to uncertainties in the calibration and evaluation procedure. For a hypothetical sample deviating in the EMF value from this calibration solution by 1 mV one would obtain a bias of less than 0.5% in the Na concentration. This holds even if one uses, illadvisedly, a reference electrolyte such as 140 mmol/L NaCl, or neglects corrections for changes in the liquid-junction potential or ionic strength, or both.
